We describe a case of pseudobulbar crying associated with deep brain stimulation (DBS) in the region of the subthalamic nucleus (STN). Patients with pseudobulbar crying show no other evidence of subjective feelings of depression such as dysphoria, anhedonia, or vegetative signs. This may be accompanied by other symptoms of pseudobulbar palsy and has been reported to occur with ischaemic or structural lesions in both cortical and subcortical regions of the brain. Although depression has been observed to result from DBS in the region of the STN, pseudobulbar crying has not been reported. A single patient who reported the symptoms of pseudobulbar crying after placement of an STN DBS was tested in the off DBS and on DBS conditions. The patient was tested using all four DBS lead contacts and the observations and results of the examiners were recorded. The Geriatric Depression Scale was used to evaluate for depression in all of the conditions. The patient exhibited pseudobulbar crying when on monopolar stimulation at all four lead contacts. The pseudobulbar crying resolved off stimulation. This case describes another type of affective change that may be associated with stimulation in the region of or within the STN. Clinicians should be aware of this potential complication, the importance of differentiating it from stimulation induced depression, and its response to a serotonin reuptake inhibitor, such as sertraline.
We describe a case of pseudobulbar crying associated with deep brain stimulation (DBS) in the region of the subthalamic nucleus (STN). Patients with pseudobulbar crying show no other evidence of subjective feelings of depression such as dysphoria, anhedonia, or vegetative signs. This may be accompanied by other symptoms of pseudobulbar palsy and has been reported to occur with ischaemic or structural lesions in both cortical and subcortical regions of the brain. Although depression has been observed to result from DBS in the region of the STN, pseudobulbar crying has not been reported. A single patient who reported the symptoms of pseudobulbar crying after placement of an STN DBS was tested in the off DBS and on DBS conditions. The patient was tested using all four DBS lead contacts and the observations and results of the examiners were recorded. The Geriatric Depression Scale was used to evaluate for depression in all of the conditions. The patient exhibited pseudobulbar crying when on monopolar stimulation at all four lead contacts. The pseudobulbar crying resolved off stimulation. This case describes another type of affective change that may be associated with stimulation in the region of or within the STN. Clinicians should be aware of this potential complication, the importance of differentiating it from stimulation induced depression, and its response to a serotonin reuptake inhibitor, such as sertraline. W e report a case of pseudobulbar crying with features of pseudobulbar palsy that was associated with subthalamic nucleus (STN) deep brain stimulation (DBS). Clinicians should be aware of this potential complication, and its response to treatment with a serotonin reuptake inhibitor.
Pseudobulbar crying is a term used for patients who cry, but show no other evidence of subjective feelings of depression such as dysphoria, anhedonia, or vegetative signs. [1] [2] [3] The syndrome may be accompanied by symptoms of pseudobulbar palsy including weakness of voluntary facial movements and hyperactive jaw, facial, or gag reflexes. 4 This disorder has been reported to occur with ischaemic, degenerative, or structural changes in both cortical and subcortical regions of the brain. 1 3 5-11 Although depression has been observed to result from DBS in the region of the STN, 12 13 pseudobulbar crying has not been reported.
CASE REPORT
A 46 year old woman with an 18 year history of idiopathic Parkinson's disease presented with crying episodes coincident with activation of her left STN DBS. A left pallidotomy performed eight years previously had provided significant improvement in all the major motor signs of Parkinson's disease including rigidity, bradykinesia, and gait. The lesion, although well placed was small, and over the past couple of years she noted worsening in rigidity and bradykinesia, as well as developing a gait disorder including shuffling, start hesitation, and off freezing. She had severe on-off fluctuations with peak dose dyskinesias and off dystonia. Parkinsonian symptoms were worse on the right side so an STN DBS was implanted on the left (fig 1) , the side of the previous pallidotomy. She had been treated for depression two years before the DBS surgery, but had been off all antidepressant medications without symptoms of major depression for one year. Her preoperative psychiatric screening did not reveal any history of crying spells nor was there evidence of depression or anxiety (Structural Clinical Interview for DSM-III-R (SCID), major depression, recurrent, full remission; Hamilton depression total score 8; Hamilton depression aetiologic score 0; Hamilton anxiety total score 7; Hamilton anxiety aetiologic score 0; Geriatric Depression Scale score 1). After the stimulator was activated, she began to complain of fluctuating motor symptoms, cycling between off and on periods, and the development of uncontrollable crying spells. On follow up, the Geriatric Depression Scale was administered in an off DBS state, and in an on stimulation state, while off all antiparkinsonian medications for 12 hours. Monopolar stimulation (leads 0, 1, 2, or 3 cathodal, case anodal, 1.5 V, 90 ms, 130 Hz) led to uncontrollable crying. There was no associated change in mood as documented by the Geriatric Depression Scale scores of 1/30 for each administration of the test at each lead contact. When off DBS she had no affective symptoms, and no change on the Geriatric Depression Scale. When on stimulation at any lead contact she experienced uncontrollable crying. In addition, stimulation of the distal contact (contact 0) resulted in a subjective feeling of fear and panic, as if she was somewhere she did not want to be. Stimulation more proximally and dorsal to the STN (lead 3 cathodal) resulted in anxiety and palpitations. When switching the stimulation abruptly from ''off'' to ''on'' she sometimes experienced transient visual blurring lasting only a few seconds. She had no double vision or eye pulling. While on stimulation she appeared to all examiners to have a marked flattening of her affect as well as psychomotor retardation. She exhibited exaggerated facial and gag reflexes when on stimulation. These signs improved when stimulation was discontinued. The patient felt that she had good motor benefits with DBS, and after a lead fracture requiring later replacement, the lead was replaced into the same location. Intraoperative macrostimulation of the new lead was performed (and more ventral and dorsal locations explored for new implantation sites, without evoking additional improvements or worsening), and the new lead was anchored and confirmed with postoperative imaging to Abbreviations: DBS, deep brain stimulation; MFB, medial forebrain bundle; SNr, substantia nigra pars reticulata; SSRI, selective serotonin reuptake inhibitor; STN, subthalamic nucleus; ZI, zona incerta be in an identical location. The intraoperative mapping and testing did not evoke any adverse mood symptoms, but did result in improvement in motor symptoms. Within 24-48 hours of administration of sertraline (50 mg orally) there was marked improvement of crying with DBS. Two year follow up revealed that when the patient discontinued the sertraline for one week, she experienced crying spells, fatigue, and felt ''more off''. After therapy was reinstituted she improved in 24-48 hours. She believed the lead continued to provide meaningful motor benefit without any ''profound onoff fluctuations''.
DISCUSSION
Pseudobulbar crying can be associated with lesions of the basal ganglia, thalamus, pons, subcortical white matter, and cerebral cortex. 1 3 5-11 14-16 Kim and Choi-Kwon in a study of post-stroke depression and emotional incontinence demonstrated that unilateral as well as bilateral lesions can cause emotional incontinence. 5 Sackeim et al reviewed the reports of 119 patients who had pseudobulbar affect from unilateral lesions and found that whereas left sided lesions were associated with crying, right sided lesions were associated with laughter. 17 Previous observations of DBS support this emotional response asymmetry with left sided DBS in the region of the substantia nigra pars reticulata (SNr) producing depression, 12 13 and right sided DBS in the region of the STN producing laughter. 18 Our case suggests that DBS in the region of the STN can lead to pseudobulbar crying.
The reason this pseudobulbar crying occurs as a result of DBS in the region of the STN is unclear. At present the mechanisms underlying the beneficial effects of DBS are also not understood. Two potential mechanisms have been proposed. In one it is argued that DBS acts similar to a lesion. Lesions in STN have been reported coincident with emotional change. 19 In our case DBS could have inhibited neuronal activity, decreasing STN output and resulting in pseudobulbar crying as a release phenomenon. The release is manifested as an affective response (abnormal outward emotion), but not a change in mood or the perception of emotion. 4 An alternative hypothesis is that DBS increases output from the stimulated structure by activating fibres projecting from the site of stimulation. 20 In our case this would result in activation in the medial portion (associative and limbic areas) of the STN increasing output to cognitive and mood related circuits that could also account for the present observations. This hypothesis, however, is difficult to embrace because mood was not affected in this case. In embryological development, the medial STN develops along with the hypothalamus, and the dorsolateral (sensorimotor) STN with the pallidum. 21 Thus, ventral stimulation will most likely affect cognitive circuits and medial stimulation, mood related circuits. In addition, the lateral hypothalamus, the medial forebrain bundle (MFB), and zona incerta (ZI) have connections within limbic and associative circuits involved in non-motor basal ganglia thalamocortical loops and activation of these structures during DBS could also affect mood and cognitive processes. Again, it would be difficult to explain our observations on this basis because of the lack of mood change in our case. Last, the centres for facial expression have been postulated to lie in the lower brainstem, thalamus, and hypothalamus, 22 23 and therefore stimulation of any of these structures or connecting fibre systems may potentially result in pseudobulbar crying. The fact that this effect was produced during stimulation at any of the four contacts suggests that multiple different regions of the brain may be involved in mediating this effect.
One unique aspect of our case was the presence of a pallidotomy on the same side as the STN DBS. It must be considered that in some way the combination of a pallidal lesion and STN DBS may result in pseudobulbar crying. Additionally, plasticity which may lead to behavioural side effects after DBS or pallidotomy remains to be investigated further. As more groups begin to implant STN DBS in patients with prior pallidotomies these issues may become critically important.
Pseudobulbar crying can be effectively treated with tricyclic antidepressants or selective serotonin reuptake inhibitors (SSRIs). [24] [25] [26] [27] Although the mechanism for the effect of the SSRIs is unknown, it has been observed in cats that serotonergic neurones in the dorsal raphe nucleus when activated serve integrative functions in bucco-oral-facial movements. 28 DBS in the region of the STN may affect the dorsal raphe and therefore serotonergic output. It has been observed that raphe neuronal activation frequently precedes the initiation of movement, stopping abruptly with pauses in the motor sequence. 28 It is plausible that SSRI medications may in some way modify this midbrain serotonergic system, leading to normalisation of facial expression. Resolution of symptoms usually occurs quickly, 16 27 generally within 24-48 hours with SSRI treatment. In our case of DBS induced pseudobulbar crying, we found the response to SSRI medications similar to the responses observed in patients with crying from dysfunction in subcortical and cortical structures. 16 24-27 The issue of specific mood changes at different contacts is also of great interest (table 1). The patient was fearful when stimulating ventrally (contact 0 cathodal) in the region of the SNr and anxious when stimulated dorsally in medial portions of the thalamus (contact 3 cathodal). These changes may be mediated by current spread into surrounding structures (MFB, ZI, lateral hypothalamus, brainstem) and fibre systems. Certainly, the relatively more medial location of the lead in this patient may account for some of the observed changes. In addition, her prior history of depression may 
